Low levels of ALS-linked Cu/Zn superoxide dismutase increase the production of reactive oxygen species and cause mitochondrial damage and death in motor neuron-like cells.
Mutations of Cu/Zn superoxide dismutase (SOD1) are found in patients with familial amyotrophic lateral sclerosis (FALS). A cellular model of FALS was developed by stably transfecting the motor neuron-like cell line NSC-34 with human wild type (wt) or mutant (G93A) SOD1. Expression levels of G93ASOD1 were close to those seen in the human disease. The presence of G93ASOD1 did not alter cell proliferation but toxicity was evident when the cells were in the growth plateau phase. Flow cytometry analysis indicated that, in this phase, G93ASOD1 significantly lowered viability and that the level of reactive oxygen species was significantly higher in living G93ASOD1 cells compared to wt SOD1 cells. Biparametric analysis of mitochondrial membrane potential and viability of transfected cells highlighted a peculiar population of damaged cells with strong mitochondrial depolarization in the G93ASOD1 cells. Mitochondrial function seemed related to the level of the mutant protein since MTT conversion decreased when expression of G93ASOD1 doubled after treating cells with sodium butyrate. The mutant protein rendered G93ASOD1 cells more sensitive to mitochondrial dysfunction induced by stimuli that alter cellular free radical homeostasis, like serum withdrawal, depletion of glutathione by ethacrynic acid or rotenone-mediated inhibition of complex I of the mitochondrial electron transport chain. In conclusion, even a small amount of mutant SOD1 put motor neurons in a condition of oxidative stress and mitochondrial damage that causes cell vulnerability and death.